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(57) Abstract: A transmission system for a vehicle includes an input shaft (2) connected to a differential mechanism (4, 6, 8, 10), 
which has two output shafts (12, 20). The two output shafts carry first and second coaxially mounted sunwheels (SI, S2. respectively) 
of an epicyclic gear system which mesh with first and second sets of planet wheels (PI , P2, respectively). The gear ratio of the first 
sunwheel with the first set of planet wheels and the second sunwheel with the second set of planet wheels are different. Each first 
planet wheel is connected to a respective second planet wheel to rotate therewith about a respective common planet shaft (22). The 
planet shafts (22) are connected to a common carrier (24) which is rotatably mounted coaxially with the first and second sunwheels. 
A single selectively operable speed changing means (26, 28) is provided which is connected to the carrier (24) and is arranged to 
increase or decrease the speed of rotation of the carrier about its axis. The transmission system also includes at least one sensor (38) 
arranged to produce a single indicative of an operating parameter of the vehicle or its engine and a controller (36) connected to the 
sensor (38) and to the speed changing device (26. 28) and arranged to operate the speed changing device in response to the signal. 
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VEHICLE TRANSMISSION SYSTEMS 

The present invention relates to vehicle transmission systems and is 
particularly, though not exclusively, concerned with transmission systems for 
5 four wheel drive vehicles. 

Automotive differentials are of course well known and include a single input 
shaft, normally connected to the output shaft of the vehicle gearbox, and two 
output shafts which are permitted to rotate at different speeds. The mean of 

10 these two speeds is directiy proportional to the input speed. When a vehicle 
travels on a radius, that is to say goes round a comer, the outer wheels travel 
fuither than the inside wheels in the same time and must therefore rotate faster. 
The basic differential caters for this speed difference but the torque supplied to 
both wheels remains the same. However, there are many circumstances in 

15 which it is desirable for the torque supplied to the two wheels to differ. Thus if 
one wheel is on a low friction surface, e.g. ice, and the other on a high friction 
surface, e.g. a dry patch of roadway, the maximum torque that can be 
transmitted to the two wheels by a conventional differential is limited to the 
very low torque value which may be transmitted to that wheel which is in 

20 contact with the ice. The potential propulsive force available through the wheel 
in engagement with the high friction surface cannot be used and the propulsive 
force exerted may therefore be insufficient to move the vehicle. A vehicle 
cornering with a high lateral acceleration has a significant weight transfer from 
the inside, wheels onto the outer wheels. As a result of the reduced weight on 

25 the inside wheels, only a low torque can be transmitted through the inside 

driven wheel before wheel slip occurs and this means that, with a conventional 
differential, only the same low torque may be transmitted to the outer driven 
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wheel. This severely limits the potential acceleration of the vehicle, when 
cornering. In order to overcome these disadvantages, numerous devices are 
known to lock or limit sUp in the differential, whereby different levels of torque 
may be transmitted through the two output shafts. 

5 

In the case of a four wheel drive vehicle, there is conventionally a differential 
between the front and rear axles to accommodate the speed differences between 
them whilst transmitting power to both axles. In this case also there are many 
circumstances under which a simple differential is inadequate. A four wheel 

10 drive facility is generally provided on vehicles with an excess of power and 

superior performance could therefore be achieved by transmitting the maximum 
amount of power through all the wheels. The maximum rate of acceleration can 
only be achieved if the torque is proportioned between the wheels to match the 
weight distribution of the vehicle. As a result of dynamic weight transfer, e.g. 

15 imder heavy acceleration, as much as 80% of the weight may be carried by the 
rear wheels An unequal torque distribution could be achieved by providing a 
differential with an invariable torque split to match this proportion but when 
cornering or driving on an icy road this torque split ratio could result in vehicle 
instability and thus loss of control. Under these conditions it would be 

20 advantageous for a higher proportion of the torque to be provided to the front 
axle. 

In the case of "off road" vehicles, which frequently have a short wheel base and 
a high centre of gravity, the weight transfer when climbing a steep gradient 
25 could be as much as 90% onto the rear axle. A limited slip type of differential 
could deliver sufficient traction but could also cause sUppage of the front 
wheels, thereby leading to loss of stability. Locking the centre differential, that 
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is to say the differential between the front and rear axles, would prevent front 
wheel slip but reduces manoeuvrability which is a significant problem on the 
poor surfaces which are commonly encountered when driving off road. 

When descending a steep gradient, the safest technique is to use a low gear ratio 
and rely solely or principally on engine braking to maintain control. Under 
these circumstances, the weight transfer that occurs may place as much as 90% 
of the vehicle weight onto the front axle. 

British Patent Application No. 01 17283.2 discloses a transmission system for 
use in a four wheel drive vehicle for transferring the torque between the front 
and rear axles in accordance with requirements. The transmission system ' 
disclosed therein includes an epicyclic differential mechanism, the annulus of 
which constitutes the input of the transmission and the carrier and sun wheel of 
which constitute its two outputs which are connected, in use, to respective pairs 
of driven wheels of the vehicle. The two output shafts carry first and second 
coaxial sun wheels of an epicyclic gear system which mesh with first and 
second sets of planet wheels, respectively. The epicyclic gear system includes a 
third sun wheel, which is coaxial with the first and second sun wheels and is in 
mesh with a third set of planet wheels. The gear ratios of the first sun wheel 
with the first set of planet wheels, the second sun wheel with the second set of 
planet wheels and the third sun wheel with the third set of planet wheels are 
different. Each first planet wheel is connected to respective second and third 
planet wheels to rotate therewith about a respective conmion planet shaft. The 
plllnet shafts are connected to a common carrier which is rotatably mounted 
coaxially with the sun wheels. The carrier is connected to a first selectively 
operable brake and the third sun wheel is connected to a second selectively 
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Operable brake. The transmission system includes a sensor arranged to produce 
a signal indicative of an operating parameter of the vehicle, such as its 
acceleration, and a controller connected to the sensor and to the two brakes and 
arranged to operate the brakes in response to the said signal. Operation of the 
5 brake connected to the third sun wheel produces a torque transfer from one 

output shaft to the other and operation of the other brake produces the reverse 
effect. 

The transmission system disclosed in the prior application is extremely effective 
10 but it has a relatively high part count and is relatively bulky. 

It is therefore the object of the invention to provide a transmission system 
particularly for four wheel drive vehicles which will spUt the engine torque 
between the front and rear axles in a proportion which is variable in dependence 
15 on one or more operating parameters of the vehicle or its engine rather than 
merely Umiting the slip of or locking the differential and furthermore is 
extremely compact. 

According to the present invention, there is provided a transmission system for 
20 a vehicle, the transmission system including an input shaft connected to a 
differential mechanism, which has two output shafts, the two output shafts 
carrying first and second coaxially mounted sun wheels, respectively, of an 
epicyclic gear system which mesh with first and second sets of planet wheels, 
respectively, the gear ratios of the first sun wheel with the first set of planet 
25 wheels and the second sun wheel with the second set of planet wheels being 

different, each first planet wheel being connected to a respective second planet 
wheel to rotate therewith about a respective common planet shaft, the planet 
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shafts being connected to a common carrier which is rotatably momited 
coaxially with the first and second sun wheels, a single selectively operable 
speed changing means, which is connected to the carrier and is arranged to 
increase or decrease the speed of rotation of the carrier about its axis, the 
5 transmission system further including at least one sensor arranged to produce a 
signal indicative of an operating parameter of the vehicle or its engine and a 
controller connected to the sensor and to the speed changing device and 
arranged to operate the speed changing device in response to the said signal. 

Thus a four wheel drive vehicle incorporating a transmission system in 
accordance with the present invention will typically include not only a front 
differential spKtting speed and/or torque between the two front driven wheels, a 
rear differential splitting speed and/or torque between the two rear driven 
wheels and a centre differential splitting speed between the front and rear axles 
but also an epicyclic gear system, which is connected to the two outputs of the 
centre differential and includes speed changing means which are actuated by a 
controller in response to a signal received from one or more sensors which 
detect respective operating parameters of the vehicle or its engine to increase or 
decrease the speed of the conomon carrier and thus to split the engine torque 
between the front and rear axles in a proportion which is the optimum for the 
prevailing operating conditions. 

The transmission system in accordance with the earlier British Patent 
Apphcation No. 0018509.9 included a third set of planet wheels in mesh with a 
25 third sun wheel and two brakes or speed changing devices. However, in the 
transmission system in accordance with the present invention, the third sun 
wheel and associated set of planet wheels are omitted and only a single speed 



10 



15 



20 



wo 03/066363 




PCT/GB03/00S69 



6 



changing means is provided. Thus it is appreciated that the abiUty both to slow 
down and speed up the common carrier renders it unnecessary to be able to 
slow down the sun wheels and that speeding up the common carrier has the 
same effect as slowing down the sun wheels. The single speed changing means 
could comprise a brake adapted to slow down the common carrier and an 
electric motor arranged to speed it up but it is preferred that it constitutes a 
single electric motor arranged to speed up or slow down the common carrier. 
Varying the speed of the carrier varies the proportion of the engine torque 
supplied to the two outputs. 

Whilst the invention is particularly applicable to four wheel drive vehicles for 
varying the proportion of the torque supplied to the front and rear axles, it has 
such a compact construction that it may be used as a simple differential 
mechanism to vary the proportion of the torque supplied to two wheels on the 
same axle. Thus the transmission system in accordance with the present 
invention may be used also between the two driven wheels of a two wheel drive 
vehicle. In addition, three such transmission systems could be used on a four 
wheel drive vehicle, the first varying the torque distribution between the two 
front wheels, the second varying the distribution of torque between the two rear 
wheels and the third varying the distribution of torque between the front and 
rear axles. 

The electric motor constituting the speed varying means is a relatively bulky 
and expensive component and whilst its primary purpose is to increase or 
decrease the speed of rotation of the carrier about its axis, so as to vary the ratio 
of the torque applied to the two output shafts, the present invention also offers 
the possibility of assigning one or more further functions to the same motor. 
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thereby rendering the transmission system suitable for use in a hybrid electric 
vehicle including parallel and hybrid types. Thus in a further embodiment of 
the invention the speed changing means is an electric motor/generator, the rotor 
of which is connected to the common carrier by first selectively operable 
5 coupling means and to one of the input shaft and the two output shafts by 
second selectively operable coupling means. In use, the electrical stator 
coimections of the motor/generator will be connected to a battery. The first and 
second selectively operable coupling means are preferably clutches, e.g. cheap 
and simple clutches, such as dog clutches. These clutches are controlled by the 

10 power controller, that is to say the engine management system, and when the 
motor/generator is required to alter the speed of the carrier of the transmission 
system, the first clutch is engaged and the second clutch disengaged and the ► 
transnaission system operates as described above. However, if greater torque is 
required on the output shafts than the engine is capable of providing, the first 

15 clutch may be disengaged and the second clutch engaged, thereby connecting 
the motor/generator to the input shafts or one of the ouQ)ut shafts. Electric 
power may then be supplied from the battery to the motor/generator, again 
under the control of the engine management system, to supply power to the 
shaft to which the rotor of the motor/generator is coimected. Furthermore, if the 

20 engine is in the overrun condition and no power is being supplied from the 

engine to the output shafts, the motor/generator will be driven, with the clutches 
in the positions referred to above, by the shaft to which it is connected and will 
then operate as a generator and will produce electric power which can be used 
to recharge the battery. The motor/generator unit thus serves a dual function 

25 and the power which it produces during regenerative braking is sufficient to 
allow the conventional vehicle alternator to be reduced in size, that is to say 
downrated, or even dispensed with entirely. 
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If the motor/generator is connected to one of the two output shafts of the 
transmission, this will unbalance the power output from the transmission and 
whilst this may be readily tolerated or compensated for, it is preferred that the 
5 motor/generator is connected to the input shaft of the transmission. It is then 

preferred that the input shaft includes third selectively operable coupling means, 
e.g. a further dog clutch under the control of the engine management system, at 
a position between its connection to the rotor of the motor/generator and its 
connection to the differential mechanism. The provision of this third clutch 

10 permits the motor/generator to assume yet a further function, namely that of the 
engine starter motor. This permits the conventional starter motor and the 
associated ring gear on the engine output shaft to be dispensed with. Thus if the 
first and third clutches are disengaged and the second clutch engaged and the 
motor/generator then operated as a motor, it will rotate the engine and not the 

15 transmission system and thus cause the engine to start. 

The invention also embraces a four wheel drive vehicle including such a 
transmission system, an engine with an output shaft, which is connected to the 
input shaft of the transmission system, and two pairs of driven wheels which are 
20 connected to a respective one of the two output shafts of the transmission 
system. As explained above, the electrical coimections of the stator of the 
motor/generator will in practice be connected to a battery arranged selectively 
to drive the motor/generator or to be recharged by it. 

25 Further features and details of the invention will be apparent from the following 
description of two specific embodiments of transmission systems in accordance 
with the invention which is given by way of example only with reference to the 
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three accompanying highly schematic drawings which illustrate three 
embodiments of the present invention. 

Figure 1 shows a transmission system with an input shaft 2 which, in use, will 
5 be connected to or constitute part of the output from the gearbox of the vehicle 
engine. The shaft 2 is connected to the annulus 4 of an epicyclic differential. 
Formed on the interior of the annulus 4 is an annular array of gear teeth with 
which the teeth on a number of planet gears 6 mesh. The planet gears 6 are 
carried by a common carrier 8 and mesh with a sun gear 10. The carrier 8 is 
10 connected to a first hollow output shaft 12 which is connected to the front axle 
of the vehicle, not shown, by way of a gear train 14,16,18. The sun gear 10 is 
carried by a shaft 20 which is connected to the rear axle, typically through the 
rear differential. 

15 The output shafts 12 and 20 are connected to a further epicyclic differential gear 
system which splits the torque transmitted through the two output shafts in a 
manner appropriate to the operating conditions of the vehicle. The front wheel 
output shaft 12 carries a sun gear SI and the rear wheel output shaft 20 carries a 
coaxial sun gear S2. The two sun wheels SI and S2 are in mesh with respective 

20 sets of three planet wheels PI and P2. The various planet wheels are associated 
with one another in three groups, each group including a first planet wheel PI 
and a second planet wheel P2, connected together to form a composite unit. 
Each composite planet unit PI, P2 is mounted to rotate about a respective planet 
shaft 22. The three planet shafts 22, which extend parallel to the output shafts 

25 12 and 20, are connected to a common carrier 24. The carrier 24 is connected 
to the rotor 26 of an electric motor which also includes a stator 28, which is 
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connected to a fixed structure, e.g. the outer casing of the epicyclic torque 
splitting differential system. 

The motor 26, 28 is connected to a power source (not shown) and is operated 
5 under the control of an electronic controller 36. Connected to the controller is a 
plurality of sensors, of which only one, 38, is shown schematically, arranged to 
sense, and produce a signal representative of, a number of operating parameters 
of the vehicle and/or its engine, such as the vehicle speed, the steering wheel 
angle, the acceleration of the vehicle in each of three orthogonal directions, 
10 engine speed, engine torque, yaw rate, which engme gear is engaged, the 
differential output speed and torque supplied to the front axle and the 
differential output speed and torque supplied to the rear axle. 

In a specific embodiment, the sun wheels SI and S2 had 23 and 21 teeth, 
15 respectively, whilst each planet wheel PI and P2 had 12 and 12 teeth, 

respectively. The gear ratios of each meshing sun wheel and set of planet 
wheels are therefore different. 

It will be appreciated that, in use, actuation of the motor 26, 28 to increase or 
20 decrease the speed of rotation of the carrier induces a ratio change across the 
sun gears SI and S2. This in turn produces a torque transfer between the rear 
output shaft 20 and the front output shaft 12. This small ratio change produces a 
small tyre slip which is responsible for tiie torque difference between the axles. 
For example, a tyre slip difference of less than 0.5% produces a torque bias 
25 ratio of 1 1 .5, i.e. 92% to one axle and 8% to the other (i.e. a bias ratio of 92/8). 
By using pre-programmed algorithms, the controller can proportion the torque 
between the front and rear axles to optimise the vehicle performance. 



wo 03/066363 



11 



PCT/GB03/00569 



The transmission system described above has essentially a "north-south" 
configuration, that is to say the transmission input extends in the fore- and- aft 
direction of the vehicle parallel to the drive shaft to the front and rear axles. 
5 However, the present invention is also applicable to a transmission system of 
"east- west" configuration in which the transmission inlet shaft extends in the 
transverse direction of the vehicle perpendicular to the drive shaft to the rear 
axle. Such a transmission system is illustrated in Figure 2, in which the same 
reference numerals as in Figure 1 are used to designate similar components. 

10 

The transmission input shaft 2 transmits torque via gear wheel 40 to the annulus 
4 of the centre epicyclic differential with which the teeth of a number of planet 
wheels 6 mesh. The output shaft 12 for die front wheels is connected to rotate 
with the sun wheel 10 and is connected to a standard differential 44 which splits 

15 the speed and/or torque between the output shafts 46 and 48 of the two driven 
front wheels. The output shaft 20 for the rear wheels is connected to the carrier 
of the planet wheels 6 and to the drive shaft 49 for the rear wheels via gear 
wheels 50, 52, 54 and 56. In other respects, the construction of this 
embodiment is the same as that of the first embodiment described above in 

20 connection with Figure 1 and will therefore not be described again. 

It will be appreciated that the ability to vary the split of torque between the front 
and rear axles of a four wheel drive vehicle in accordance with operating 
conditions, particularly in accordance with the division of the vehicle weight 
25 between the front and rear axles, will produce numerous advantages. These 
include maximising the potential acceleration of the vehicle by continuously 
varying the distribution of the torque between the front and rear axles to match 
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the distribution of the static and dynamic weight of the vehicle between those 
axles. The ability of the vehicle to ascend or descend a gradient, either 
forwards or backwards, may be optimised by varying the distribution of torque 
between the front and rear axles to match the weight distribution. The 
cornering performance of the vehicle may also be optimised by varying the 
torque distribution between the front and rear axles to optimise the tyre slip 
angle, the side forces and the traction characteristics whilst entering, passing 
through and leaving a comer. The vehicle stability may also be maximised, 
especially under high speed and adverse weather conditions. 

Due to the fact that a significant proportion of the weight of a vehicle is shifted 
forwardly onto the front axle during braking, the front wheel brakes of a vehicle 
need to have a performance capabihty of e.g. two to three times that of the rear 
wheel brakes. However, it will be appreciated that the ability of the 
transmission system in accordance with the present invention to transfer torque 
between tiie front and rear axles under drive conditions can be used to transfer 
torque between the two axles under braking conditions also. This facility will 
enable the rear brakes to be sized to match the front brakes, which is currently 
not necessary, and thus enable the vehicle to achieve a substantially enhanced 
braking capability by comparison with known vehicles. 

Figure 3 shows a further embodiment which is very similar to that of Figure 1 
and has all the same features and advantages. The same reference numerals are 
therefore used to designate the same components. However, the embodiment of 
Figure 3 is slightly modified to make it suitable for use in a hybrid vehicle. In 
this case the motor 26, 28 is a motor/generator unit and its rotor 26 is not 
permanently connected directiy to the conmion carrier 24 but is selectively 
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coimectable to it by means of a dog clutch 40. It is also selectively coimectable 
by means of a further dog clutch 42 and a series of belts and/or gear wheels to 
one of the output shafts or, as in this case, the input shaft 2 of the transmission 
system. 

At those times when the transmission system is or may be required to vary the 
torque distribution between the front and rear wheels, the clutch 40 is engaged 
and the clutch 42 disengaged and the transmission system operates precisely as 
described in connection with Figure 1 with the motor/generator unit 26, 28 
acting as a motor powered by the battery to which it is connected. However, if 
the engine should enter the overrunning condition and no power is being 
transmitted from the engine to the wheels, the clutch 40 is disengaged and the^ 
clutch 42 engaged. The motor genei*ator unit is then driven by the shaft 2 and^ 
operated as a generator. It produces electrical power which is used to recharge 
the battery to which it is connected. If the engine management system 
determines that more torque is required at the wheels than the engine is 
supplying and/or is capable of supplying, tiie clutch 42 is again engaged and the 
clutch 40 disengaged and the motor/generator unit is caused to act as a motor to 
supply power to the input shaft 2. The same motor/generator unit may therefore 
be used not only to control the transmission system but also as the electrical 
motor/generator unit of a hybrid automotive propulsion system. 

In a further modification, which is not illustrated, a further selectively actuable 
clutch is added to the embodiment of Figure 3. This clutch is provided in the 
input shaft 2 at a position between the differential mechanism and the position 
at which the motor/generator unit is coupled to the input shaft. The provision of 
this clutch permits the motor/generator unit to serve yet a further function, 
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namely as the engine starter motor. Thus if the further clutch and the clutch 40 
are disengaged and the clutch 40 is engaged and the motor/generator unit 
operated as a motor powered by the battery to which it is connected, it will 
rotate the engine and thus act as a starter motor. 
5 It will be appreciated that the motor/generator unit may be of various 

types and that instead of being of electrical type, it may be a hydrostatic 
motor/pump and in this event the electric battery will be replaced by a hydraulic 
accumulator. 
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CLAIMS 



1 . A transmission system for a vehicle, the transmission system including 
an input shaft connected to a differential mechanism, which has two output 
shafts, the two output shafts carrying first and second coaxially mounted sun 
wheels, respectively, of an epicyclic gear system which mesh with first and 
second sets of planet wheels, respectively, the gear ratios of the first sun wheel 
with the first set of planet wheels and the second sun wheel with the second set 
of planet wheels being different, each first planet wheel being connected to a 
respective second planet wheel to rotate therewith about a respective common 
planet shaft, the planet shafts being cormected to a conmion carrier which is 
rotatably mounted coaxially with the first and second sun wheels, a single, 
selectively operable speed changing means, which is connected to the carrier 
and is arranged to increase or decrease the speed of rotation of the carrier about 
its axis, the transmission system further including at least one sensor aixanged 
to produce a signal indicative of an operating parameter of the vehicle or its 
engine and a controller connected to the sensor and to the speed changing 
device and arranged to operate the speed changing device in response to the 
said signal. 

2. A transmission system as claimed in Claim 1 in which the speed 
changing means is an electric motor. 

3. A transmission system as claimed in Claim 1 or Claim 2 in which the 
differential mechanism comprises an epicyclic gearset including an annulus in 
mesh with a set of planet wheels, which are carried by a carrier and are also in 
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mesh with a sun wheel, the carrier and the sun wheel being connected to the two 
output shafts. 

4. A transmission system as claimed in any one of the preceding claims in 
5 which the speed changing meaas is an electric motor/generator, the rotor of 
which is connected to the common carrier by selectively operable coupUng 
means and to one of the input shaft and the two output shafts by second 
selectively operable coupling means. 

10 5. A transmission system in which the rotor of the motor/generator is 
connected to the input shaft and the input shaft includes third selectively 
operable coupling means at a position between its connection to the rotor of the 
motor/generator and its connection to the differential mechanism. 

15 6. A four wheel drive vehicle including a transmission system as claimed in 
any one of the preceding claims, an engine with an output shaft, which is 
coimected to the input shaft of the transmission system, and two pairs of driven 
wheels which are connected to a respective one of the two output shafts of the 
transmission system. 

20 

7. A vehicle as claimed in Claim 6 in which the electrical connections of 
the stator of the motor/generator are connected to a battery arranged selectively 
to drive the motor/generator or to be recharged by it. 
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